We study the branching ratio, CP -violating asymmetry, forward-backward asymmetry and the CP -violating asymmetry in the forward-backward asymmetry for the exclusive decay B → Kτ + τ − in the two Higgs doublet model with tree level flavor changing neutral currents (model III). We analyse the dependencies of these quantities on the neutral Higgs boson contributions and the CP parameter sinθ in the model III. We observe that to determine the neutral Higgs boson effects, the measurements of the forward-backward asymmetry and the CP -violating asymmetry in the forward-backward asymmetry for the decay B → Kτ
Introduction
Rare B meson decays, induced by flavor changing neutral current (FCNC) b → s transition are the most promising research areas to test the Standard model (SM). Since these decays are induced at loop level in the SM, a comprehensive information can be obtained for the more precise determination of the fundamental parameters, such as Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, leptonic decay constants, etc. Further, they shed light on the physics beyond the SM, such as two Higgs Doublet model (2HDM), Minimal Supersymmetric extension of the SM (MSSM) [1] , etc.
Among the rare B-decays, the ones which the SM predicts large branching ratio (Br) become attractive since they are measurable in the near future, in the existing and forthcoming B- In [6] - [20] , this transition has been investigated extensively in the SM, 2HDM . In these studies, the neutral Higgs boson (NHB) exchange diagrams are not taken into account since the lepton-lepton-Higgs vertices are proportional to the mass of the lepton underconsideration.
However, for l = τ case, the mass m τ can not be neglected since it is comparable with the b-quark mass and NHB exchange diagrams give considerable contributions to the physical quantities of such channels. In [21] , B → Kτ + τ − process is studied in the model II 2HDM and the NHB effects are taken into account. It is shown that the Br ratio of the process is enhanced for large tanβ values and the NHB contributions become considerable. Recently, this decay has been analysed and the forward backward asymmetry has been studied in the constrained minimal supersymmetric SM [22] .
The forward-backward asymmetry A F B and the CP -violating asymmetry A CP are the physical quantities which provide information on the short distance contributions. A F B does not exist in the SM and also in the 2HDM without NHB effects. However, with the addition of these effects, A F B is created and in the model II 2HDM, its numerical value increases with the increasing value of the vertex factor tanβ (see [21] for details). Note that the theoretical analysis of exclusive decays is more complicated due to the hadronic form factors, which brings an uncertainity in the calculations. The calculation of the physical observables in the hadronic level needs non-perturbative methods to determine the matrix elements of the quark level effective Hamiltonian between the hadronic states. This problem has been studied in the framework of different approaches such as relativistic quark model by the light-front formalism [12] , chiral theory [23] , three point QCD sum rules method [24] , effective heavy quark theory [25] and light cone QCD sum rules [26] .
The paper is organized as follows: In Section 2, we calculate the Br, A CP , A 2 The exclusive B → Kl
The exclusive B → Kl + l − decay is induced by the inclusive b → sl + l − process which has been studied in the literature extensively. Recently the b → sl + l − decay has been handled with the addition the NHB effects in the framework of the general two Higgs doublet model [27] . In the appendix we give a summary of the model underconsideration and present the effective Hamiltonian which is used for the hadronic matrix elements. 
Here p B and p K are four momentum vectors of B and K mesons, q = p B − p K is the momentum transfer. Using these form factors, the matrix element of the B → Kl + l − decay can be written as:
where the functions A, B, C, D, F 1 and F 2 are given in Appendix B. Using eq.(2) and making the summation over final lepton polarizations, the double differential decay rate is calculated as:
where z = cosθ , θ is the angle between the momentum of ℓ lepton and that of B meson in the center of mass frame of the lepton pair,
. In the light lepton case, namely l = e, µ, the NHB effects are negligible and new
Wilson coefficients C Q 1 and C Q 2 , appearing in the form factors F 1 and F 2 , almost vanish (see [27] for details). However, for τ lepton, the NHB effects can give considerable contributions to the physical quantities Br, A F B , A CP , etc. Even if A CP is possible without these effects, they play the main role in the existence of A F B . Further, A CP (A F B ) exists when NHB effects are non-zero. Therefore, we concentrate on A CP (A F B ) in addition to the quantities A F B and A CP .
Using the definitions
we get
and
where
and Ω is obtained from eq. (3) by an integration over z and s of the terms in the curly bracket.
∆ in eq. (7) reads as
2 )
The explicit forms of the functions
; j, k = 1, 2 appearing in eqs. (8) and (9) are given in Appendix B.
Finally A CP (A F B ) can be defined as
where A F B is given in eq. (6) andĀ F B can be calculated by making the replacementξ
Notice that, during the calculations, we take into account only the second resonance for the LD effects coming from the reaction b → sψ i → sτ + τ − , where i = 1, .., 6 and divide the integration region for s into two parts :
where m ψ 2 = 3.686 GeV is the mass of the second resonance
Discussion
The model III induces many free parameters, such as ξ U,D N,ij where i, j are flavor indices and they should be restricted using the experimental results. Now, we would like to present the restrictions we use for these parameters, in our numerical calculations. Since the neutral Higgs bosons, h 0 and A 0 , can give a large contribution to the coefficient C 7 which is in contradiction with the CLEO data [28] ,
can be assumed as negligible to be able to reach the conditionsξ
(see the appendix of [29] for details). Using also the constraints coming from ∆F = 2 mixing, the ρ parameter [30] and the CLEO data we
This assumption permits us to neglect the contributions coming from primed Wilson coefficients which are related with the chirality flipped partners of the operator set (see [27] 
Here, it is possible to take bothξ In our analysis we restrict |C Table (1 
0.117 sinθ W 0.2325 Table 1 : The values of the input parameters used in the numerical calculations. Now we would like to present our conclusions.
• The Br of the exclusive process B → Kτ + τ − is at the order of the magnitude 10 −7 for the SM and model III withouth the NHB effects. However, including the NHB effects and taking large values of the neutral couplingξ D N,τ τ , it is possible to enhance the Br more than one orders of magnitude compared to the one calculated in the SM.
• It would be possible to predict the upper limit of the couplingξ • Using the complex Yukawa couplingξ D N,bb it is possible to get a CP violating asymmetry A CP at the order of the magnitude 10 −3 , which is a measurable quantity. With the addition of NHB effects the magnitude of A CP decreases.
• A F B is another physical quantity which exists when the NHB effects are non-zero. The calculations show that A F B is at the order of the magnitude 10 −2 and the experimental measurement of this quantity can give strong evidence about the existence of NHB effects and the physics beyond the SM.
• Finally, the CP asymmetry in A F B can appear also with the NHB effects and it is another physical quantity which can be used for testing the existence of the NHB effects. We calculate this quantity at the order of the magnitude 10 −3 and its experimental measurement can give important clues about physics beyond the SM Therefore, experimental investigations of these physical quantities ensure a crucial test for the new physics beyond the SM.
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where L and R denote chiral projections 
With the choice of φ 1 and φ 2
and the vacuum expectation values,
the SM and beyond can be decoupled. In eq. (14) the couplings ξ U,D for the FC charged interactions are
where ξ
U,D neutral
1 is defined by the expression
1 In all next discussion we denote ξ
Here the charged couplings appear as linear combinations of neutral couplings multiplied by V CKM matrix elements (see [30] for details). • Taking 
where O i are current-current (i = 1, 2), penguin (i = 3, ..., 6), magnetic penguin (i = 7, 8) and semileptonic (i = 9, 10) operators. Here, C i (µ) are Wilson coefficients normalized at the scale µ. The additional operators Q i (i = 1, .., 10) are due to the NHB exchange diagrams and
are their Wilson coefficients (see [27] for the existing operators and the corresponding Wilson coefficients).
B The form factors and the functions appearing in the expressions
We parametrize the fuctions A, F 1 and F 2 as
where the formfactors f + , f − and f T are calculated in the framework of the light cone QCD sum rules and represented in the pole forms as [26] 
